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Abstract 
 
Australia’s population is ageing and a large number of people are living in their own homes. 
Motivated by design science as the research methodology, the authors in this paper embark the 
research on designing, implementing, trialling and evaluating robot enabled user-centred care 
for people with dementia in home-based settings. Given the importance of pursuing person-
centred care practice, this research involves marrying personhood in health care with socially 
assistive robotics to the designs of social robot enabled person-centred care services. We have 
conducted first ever longitudinal robotic trials through real deployments in Australian private 
dwellings to evaluate the impact of the designed socially assistive robots on older people with 
dementia. The data analyses have been performed through both interactional data (with 2044 
times of interaction and a total of 167 hours of usage) and quality of robot experience survey. 
The descriptive analysis of interactional data show that the designed socially assistive robot 
enabled care system has facilitated breaking the technology barrier of people with dementia, 
positively proving sensory enrichment to participants and provided respires to the participants’ 
carers. The quality of robot experience survey statistics indicate the participants had positive 
experience with their robot. 
Keywords: socially assistive robot, user-centred service, human-robot interaction, quality of 
robot experience. 
 
1. Introduction  
Socially assistive robotics has emerged as a promising solution to the looming health and aged 
care crisis. The primary driving force behind recent upsurge in this field of research is the 
predicted severe shortage of the human element and engagement in the coming decades. Like 
most of the developed countries, Australia’s population is ageing. According to Australia 
Bureau of statistics, in 1970 there were nearly 1.1 million people (8.3 percent) in Australia over 
65. It increased to 3.01 million (13.5 percent) people in 2010. It is estimated that by a steady 
increase in 2050 around 8.1 million (22.7 percent) of Australian population to be 65 and over. 
The proportion of the population aged 85 and over is projected to increase most rapidly, rising 
from 1.8 percent in 2010 to 5.1 percent in 2050 and the number of people over 60 will exceed 
those under 15 for the first time in 2051 [1]. Over the next several decades, population ageing 
is projected to have the need for aged care services is growing at the rate of 68 percent but 
supply of health care workers is only growing at the rate of 14.8 percent labour [1].  
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Recently, health care researchers have shown the need for promoting person-centred care, self-
identity and personhood for older persons and people with dementia [6, 11, 18]. Tobin [22] 
suggests that one of essential components of care that helps to support and maintain personhood 
is that care must be individualized to meet the unique needs of individuals. Further, 
individualised care also recognises that needs and preference can change over time. It is 
imperative to understand the heterogeneity of people with dementia with regards to their past 
and present preferences, and health issues amongst the others. These illustrate the need to ensure 
a careful alignment of interventions and care approaches to the individual’s experience and 
situation [4].  
In this work, we employ design science [10] which is one of the most popular research practices 
in information system as the research methodology to develop a robot enabled user-centred 
home-based care system for people with dementia. Specifically, we employ personhood 
oriented service design as the theoretical foundation of our research. The instantiation of the 
design artefact in this paper is the human-centred care system for people with dementia. The 
design and development will be assessed through real deployment. The analysed results have 
shown by marrying personhood of people with dementia in service design, the designed social 
robots have the ability of breaking technology barriers, enhancing sensory enrichment of human 
partners, and providing respires to carers. This research makes the following contributions: a) 
embedding personhood in the design of robot services for dementia care; b) implementing 
socially assistive robot enabled personalised care for home-based care of people with dementia; 
(c) conducting and reporting the first ever field trials of social robots in home-based dementia 
care. 
The rest of this article is organized as follows. Section 2 reviews related work. Section 3 
presents person-centred service design. Section 4 describes field trials and research results. 
Section 5 presents discussion, followed by the conclusion of the research in Section 6. 
2. Related Work  
In order to address issues related to the looming health and aged care crisis, the research has 
reviewed existing work on design of smart homes, biomedical devices, nanocells 
(nanomedicine), assistive robots, tele-health, and e-health services. The primary driving force 
behind recent upsurge in aged care research is the predicted severe shortage of the human 
element and engagement in the coming decades. The research in design of smart homes [21] 
and biomedical devices involves environmental sensors (e.g., water, motion, light, etc.) and 
bio-sensors for collecting and transmitting data related to activity patterns of the elderly and 
their health parameters. Whereas, this largely technology push approach has distinct benefits, 
it does not focus on the missing human element and engagement in the care process but rather 
on detecting symptoms and activity patterns which may suggest issues and problems with the 
elderly while being monitored. On the other hand, tele-health and e-health research [5, 15, 16, 
17] besides collecting and integrating data has focused on a person-centred approach by using 
nurse avatars for improving the socio-emotional communication channel between the care 
receiver and carer. One of the limitations of this approach has been that the present generation 
of older people (65 years and older) are not tuned in to the concept of avatars and technology 
in general. They still prefer embodiment of care in physical form. This falls under the emerging 
area of assistive robotics.  
The research on assistive robots in general has revolved around rehabilitation robots [13, 14] 
and assistive social robots [3]. Assistive social robots are further broken down into service type 
robots and companion type robots. Service type robots like Pearl, iCat, Italian Robocare, 
German Care-o-bot and Autom provide a range of services including assistance with eating, 
bathing, toileting, mobility, household maintenance, and diet care [2, 9, 19, 20]. The primary 
goal of the research in companion robots is to study their impact on health and psychological 
well being of the elderly. Companion robot like Paro (robotic seal), developed in Japan, has 
been tested on elderly patients with dementia [25]. Paro, which influences the elderly in lifting 
their moods, looks like a baby seal and has a huggable body covered with soft white fur. 
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Similarly, there are other companion robots like Huggable and Pelo (baby dinosaur) and Aibo 
(robotic dog developed by Sony) which have been used as companion robots not only with 
elderly but also with other age groups [23]. From the literature, we identify some key limitations 
of the existing work which may affect the efficiency of use of robots for caring older people, 
motivating the conduct of our research. They are:  
The companion robots like Paro, iCat and Aibo are robotic pets with limited human-like 
functionality involving voice, gestures, emotion and combination of human attributes; service 
type robots like Pearl and Charlie are robots which look more like mobile computers with 
monitors rather than robots with human like appearance and characteristics. This limits the 
range of natural social interaction they can have with their human partners which can impact 
on their acceptability among elderly. It is also not clear the extent to which they use and 
combine human like attributes like gestures, dance, expressions, head and body movement, 
recognising and adapting to human emotions during their communication with their human 
partners to influence mood and well being. 
The design of robotic care system should follow the person-centred care practice in health care. 
However, based on the recent systematic literature review [12], limited work on social robots 
for aged care has reported on implementing person-centred approach for robotic system. In 
other words, the previous reported work is limited on how to personalise the robot and its 
interaction modes to suit each individual’s subjective experience, preference and health 
condition (i.e. dementia). In this work, we design the robotic services centralising around the 
personhood of each individual and being personalised to the human partner’s experience and 
preferences and provide a different interaction modalities including simple touch interface with 
big-font text combining with visual images, speech recognition and face recognition. We have 
conducted longitudinal trials in Australian private homes inspired from the fact that most of 
Australian older people live at their own dwelling.  
3. Person-Centred Service Design for People with Dementia 
Recently, health care researchers have shown the need for promoting person-centred care, self-
identity and personhood for older persons and people with dementia [6, 11, 18]. Tobin [22] 
suggests that one of essential components of care that helps to support and maintain personhood 
is that care must be individualized to meet the unique needs of individuals. It illustrates the need 
to ensure a careful alignment of interventions and care approaches to the individual’s 
experience and situation [4].  
Given the importance of pursuing this path, our research involves marrying personhood [6, 18] 
in health care with socially assistive robotics embodiment of care concepts [24] and context 
sensitive computing techniques involving artificial intelligence, soft computing and computer 
vision techniques to realize a symbiotic robotic system. 
Research in this area has indicated that negative consequences of ageing and dementia can be 
mitigated by designing an approach towards care that respects and supports each individual’s 
personhood [6, 18]. Personhood has been defined as ‘the standing or status that is bestowed 
upon one human being, by others, in the context of relationship and social being’ [7], including 
three fundamental components, namely, interactional environment, subjective experience and 
social context. 
The embodiment of interactional environment in the robot involves modelling of human 
characteristics like gesture, emotional expressions, voice, and motion as shown in Fig. 1.  
The subjective experience in an older person care context involves design of user-centred 
services personalized around the lifestyle of person with dementia. These lifestyle based 
services which reflect their emotional well-being including sensory enrichment, basic needs, 
social connectivity to enable a them become more productive and useful, improve their 
resilience and coping [8]. This is relevant in a home-based care environment where assistive 
technologies need to support the carers by providing the persons with disability partial 
independence for limited periods. The robot services being designed to support these elements 
of emotional well-beings are singing and dancing, book reading, news reading, weather 
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forecast, activity reminder and phone call. Rich human-like attributes like Australian voice 
vocaliser, gesture, motion and emotive expressions are attached to all designed services to make 
them more engaging and interactive. 
 
Fig. 1. Robot enabled person-centred care 
The interactional environment needs to employ human-like communication modalities like 
voice, emotive expressions, head and body movement, and gestures in an emotionally engaging 
manner to facilitate a reciprocal relationship [8]. The user-centred service design implies all the 
designed services must be personalised to each individual’s preferences, i.e., singing and 
dancing services must be personalised to the music tastes of the human partner, read the books 
they like or tell them the news category they are interested in. Our services are designed in the 
way that all service contents can be personalised and updated for each human partner. 
The subjective experience would also imply use of flexible interaction modes (e.g., voice based, 
touch based, face based communication) between the robot and its human partner based on their 
needs and comfort. To take into account for the dementia condition, our touch interface has 
been designed using big-font text combining with visual cues. The partial matchings were 
integrated with voice commands so that an older person does not need to say the whole song 
title to command the robot sing his/her favourite song. 
4. Deployment and Evaluation 
Longitudinal Home-Based Deployment 
The longitudinal study was conducted five Australian households in different areas in Victoria, 
Australia. Each of the five participants (people with dementia, hereafter referred as PwD1-
PwD5) has a social robot (named as Betty) (Fig. 2) deployed in their home for 3 to 6 months. 
The social robot used in this study has been developed in joint collaboration between NEC, 
Japan and RECCSI (http://www.latrobe.edu.au/reccsi) at La Trobe University in Melbourne, 
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Australia. It has rich human-like communication attributes (e.g., voice, emotive expressions, 
gestures, etc.). The robot is ~39 cm tall and weighs 6.5 kg. Its human attributes include baby 
face like appearance, voice vocalization, face recognition, face registration and face tracking, 
facial expressions, gestures, body motion sensors, dance movements, touch sensors, emotion 
recognition and speech acoustics recognition. 
The field trials have been designed with the aim of evaluating the impacts of Betty in the context 
of Australian home-based dementia care. The designed services are personalised for each 
participant based on the own preference (such as music collection, books’ titles, family photo 
quizzes, phone contacts, location-based weather, type of news, and so on). The participants 
were interacting with their own robot using speech recognition, face recognition and touch pad 
(with visual touch interfaces as shown in Fig. 2). The snapshots of interaction between the 
participants with their robot are shown in Fig. 3. Interactional data such as access services, date, 
time, observational videos are recorded for evaluation, together with quality of robot experience 
post-survey. 
  
Fig. 2. Robots being deployed in trials with their expressions, baby face appearance and the 
screenshot of the main touch interface. 
 
 
 
Fig. 3. Trial participants (and their family carers) are interacting with the robot in their homes 
(photos in the second row have been taken by the robots - thus robots are not being seen in the 
photo with no human intervention) 
Evaluation 
Given the dementia condition of the participant, in this work we analyse our trial findings 
mainly using objective data (i.e., robot log interactional data), in combination with a simple 
post-trial robot experience survey. The evaluations of the deployments have been conducted 
through 2044 times of interaction with a total of 167 hours of usages. 
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Breaking Technology Barrier Implied by the High Interaction Frequency and Duration  
The total number of interaction between each participant to the robot is illustrated in Fig. 4. The 
participants 1 & 2 have the highest interactional level with 709 and 503 times of interactions 
respectively. 
 
 
Fig. 4. Statistics of interactions of each trial participant 
 
Fig. 5. Duration of interaction of trial participants 
In this research, we analysed the interactional data between each participant and the robot to 
obtain their total duration time. The duration of interaction of the trial participants is shown in 
Fig. 5. The figure shows that five participants have spent 24 to 52 hours to interact with the 
robots. 
These results indicate that by embodying personhood in service design with human-like 
functions and multimodal interactions, the social robot has facilitated the acceptability and 
breaking technology barriers of the participants (older people with dementia), encouraged the 
high frequency and duration of interactions from the human partners. 
Improving Sensory Enrichment  
We assess the degree to which people with dementia are engaged with different types of 
services provided by the robot at the home-base environment. The goal is to provide an evidence 
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base to enable the selection of the services that are perceived most positively by people with 
dementia in home-based care.  
The statistics (Fig. 6) from interactional data indicate that all of participants prefer singing and 
dancing services most, indicated by the highest number of time they command the robot 
perform singing and dancing activity. The cumulative numbers of interactions over all 
participants (Fig. 7) show that the participants have interacted with singing and dancing service 
about 1000 times, that is approximately three times higher than that figure of the second 
preferred service (Quiz). The weather forecast, news reader, book reader and reminder are the 
next popular services, and finally making a phone call is least access by the participants.  
The high interactional rate to “singing and dancing” service indicates that sensory 
enrichment service like this is most engaging the people with dementia at their home 
environment, thus should be installed in socially assistive robots to positively engage persons 
with dementia in the home environment. 
 
Fig. 6. Service interaction pattern comparison amongst the participants 
 
Fig. 7. Comparison of service preference 
Providing Respite for Carers 
The research shows that family carers are at increased risk for burden, stress, depression, and a 
variety of other health complications and caring for a person with dementia is more stressful 
than caring for a person with a physical disability [26].  
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The results of this research show the robot-enabled care system has also provided respires to 
the carers through singing and dancing, story, or news telling. Not only providing respires to 
the carers through its sensory enrichment services, the designed system also has indirectly 
provided some respire time to carer while engaging the older people spend their time interacting 
with it. Fig. 5 shows that each individual participant has engaged about 24 to 52 hours with 
their robot during the trial period. During their interaction time with the robot, the carers may 
have their own time for other house chores or relaxing. One of the participant commented he 
could spend time for preparing meals or even quick shopping at local stores while his wife was 
enjoying singing and dancing of the robot. 
Robot Experience 
The quality of robot experience survey has been conducted near the end of the trials to evaluate 
the experience of the participant with the robot during the trials. The survey consists of fifteen 
questions. The participants’ experience with their socially assistive robot was recorded using a 
standard five-point Likert scale (Strongly Disagree=1, Disagree=2, Neutral=3, Agree=4, 
Strongly Agree=5) as shown in Table 1. 
Table 1. Statistics of quality of robot experience 
Quality of Robot Experience  
PwD
1 
PwD
2 
PwD
3 
PwD
4 
PwD
5 Mean 
Std. 
Dev. 
1. I enjoy the contact with the social 
robot (namely Betty). 3 3 5 5 4 4 0.894 
2. I enjoy one to one activity (e.g., 
calendar, music) with Betty.  3 4 5 4 4 4 0.632 
3. Betty makes me feel better. 3 3 4 5 4 3.8 0.748 
4. Betty makes me smile. 4 4 5 5 4 4.4 0.490 
5. Betty doesn’t worry me. 4 4 5 5 4 4.4 0.490 
6. Betty is a friend. 3 4 5 4 4 4 0.632 
7. I like the way Betty responds to me. 3 4 5 3 3 3.6 0.800 
8. Betty helps me to revisit happy 
memories 3 4 4 4 2 3.4 0.800 
9. Betty helps me to become more 
independent. 4 3 4 3 2 3.2 0.748 
10. I like to touch Betty. 4 4 4 1 2 3 1.265 
11. I like Betty’s blushing.  2 4 5 4 4 3.8 0.980 
12. I like Betty’s dancing.  2 4 5 5 4 4 1.095 
13. Betty reacts appropriately to my 
actions. 3 3 5 3 3 3.4 0.800 
14. I want you to come back with 
Betty. 3 3 5 5 2 3.6 1.200 
15. I would like to have a robot Betty 
for myself. 3 3 5 4 2 3.4 1.020 
*Note: Std. Dev. = Standard Deviation 
Three out of five participants positive (agree or strongly agree) to the questions “I enjoy the 
contact with the social robot?” and “Betty makes me feel better.” All the participants agree or 
strongly agree that they do not worry to contact our robot (i.e., “Betty doesn’t worry me”). The 
responses confirm that our cute robots (with baby-face, rich human like functionality) and its 
personalized service design have broken the technology barrier with its human partner. Four 
participants like or strongly like the robot dancing and blushing to them.  
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Fig. 8. Comparison of robot experience amongst the participants and the mean 
Fig. 8 shows the robot experience comparison amongst the participants and the mean. From the 
figure we can see that on average their experience is all positive (above 3.0), except to the 
question 10, with the highest positive response to the questions “Betty makes me smile” 
(question 4) and “Betty doesn’t worry me” (question 5). This result validates that the socially 
assistive robots like Betty has break the technology barrier with the older people and provide 
positive engagement to their home living. 
5. Discussion 
The experience of sensory enrichment is an important component of emotional wellbeing, 
especially for people with dementia since older people with dementia may have limited 
opportunity to engage in entertaining activities at their own home. This research demonstrates 
that social robots like Betty with human-like characteristics involving voice, gestures, emotion 
and combination of human attributes with personalized services (i.e., favourite songs, books) 
can be potentially used in home-based environments to provide sensory enrichments to older 
people with dementia. In addition, the results of this study indicate that the human-like 
characteristics in combination with personalised service design have facilitated the 
acceptability of the socially assistive robot amongst the participants. The robot is non-
judgemental and the participant did not complain of any problems in terms of interacting with 
it.  
Socially assistive robots should to be designed in a social context. Within the social context the 
robot enabled services for the human partner should to be underpinned in concept of personhood 
to enable service personalisation (singing their favourite songs, proving multimodal 
interactions, and so on) and the services need to be delivered in interacting way including 
emotive expression, gestures (head and body movement in case of our robot), voice, etc. The 
human-robot interface should be believable for breaking technology barrier and to facilitate a 
long term meaningful reciprocal relationship between assistive robot and people with dementia. 
This aspect has clear implications for design of interactional environment and communication 
modalities, and ornamental design of the robot to enable its productive use. We aware that these 
implications of this study may be limited by Australian home-base context and sample size, but 
hope it will set a light on further studies on using socially assistive robot for home-based care 
for older people. 
6. Conclusion 
In this article, we have embarked on designing, implementing, and trialling socially assistive 
robot enabled person-centred care to support older people with dementia in Australian private 
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homes. The personhood-oriented services have been designed and implemented to facilitate 
service personalisation to each individual. We have conducted the first ever longitudinal trials 
with participants with dementia living at their own dwelling. The results from data analysis 
being performed using 2044 times of interaction with a total of 167 hours of usages indicate 
that the robot has successfully eliminated the barriers of use of technology by older people, and 
improve sensory enrichment for the elderly, and prove respire to their carers. The quality of 
robot experience survey confirm that the participants had positive experience with their robot. 
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